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ABSTRACT 



A position tracking system for a plurality of mobile tractors 
and trailers includes an unique electronic identifier for each 
of a plurality of trailers. For each tractor of a plurality of 
tractors, the position tracking system includes a navigation 
system for determining a current position of the tractor, an 
electronic identifier reader for acquiring the electronic iden- 
tifier of a trailer coupled to the tractor, and a position- 
reporting subsystem for reporting to a remote system the 
current position of the tractor and the electronic identifier of 
the trailer coupled to the tractor. In addition, the position 
tracking system includes, at each facility of a plurality of 
fixed-location facilities, one or more electronic identifier 
readers for acquiring the electronic identifier of one or more 
trailers located within the facility, and a trailer-presence 
reporting subsystem for reporting to the remote system the 
presence of the one or more trailers located within the 
facility. 

31 Claims, 6 Drawing Sheets 
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MOBILE-TRAILER TRACKING SYSTEM 
AND METHOD 

The present invention relates generally to vehicle track- 
ing systems, and in particular, to a tracking system for 
mobile trailers that maintains location and tractor coupling 
information for a fleet of mobile trailers. 

BACKGROUND OF THE INVENTION 

Transportation of cargo via tractor-trailers is an important 
part of worldwide commerce. (In this context, a "tractor" is 
a reference to a highway truck, such as a semi-truck). The 
complex and large-scale operations of tractor-trailer fleet 
owners dictate that the owners keep track of the status and 
general location of their vehicles as accurately as possible. 
This facilitates, among other things, efficient allocation of 
pick-up and delivery of goods, increased equipment 
utilization, effective maintenance scheduling, improved 
cargo security, decreased asset losses, and rapid assistance 
for vehicles in need of repair or help. The advent of the 
Global Positioning System ("GPS") has greatly assisted 
these efforts, as geographic location can now be pinpointed 
within a number of meters, allowing position information 
for vehicles to be accurately determined. Coupled with a 
method of reporting a current location for a vehicle, a 
GPS-based tracking system can provide the kind of central- 
ized tracking and management that fleet owners need, par- 
ticularly when thousands of vehicles must be tracked. 

Numerous systems exist to provide continuous tracking of 
highway tractors. These tractor-tracking systems include, for 
example, the "OmniTRACS" system from Qualcomm, the 
Orbcomm data messaging system from Orbcomm company, 
and the Motient/Norcomm vehicle tracking system. They 
typically include a GPS system and a satellite-based data 
messaging system (and, optionally, other sensors and control 
relays). Messages, including the location of the tractor, are 
communicated between the tractor and a central office 
through the satellite-based system. Other systems use 
cellular-based systems for communications and data mes- 
saging. These systems are generally only effective in urban 
areas or along highways having cellular telephone coverage. 

Generally, tractor-tracking systems are not useful or effec- 
tive for directly tracking mobile trailers. This is because 
tractor-tracking systems lack any automatic mechanism to 
identify or monitor trailers, instead requiring an operator to 
manually input trailer data. As a result, the visibility of a 
trailer's location is lost once the trailer is disconnected from 
the reporting tractor. Additionally, it is not practical to 
simply install the tractor-tracking systems directly on the 
mobile trailers. This is because trailers generally only have 
power when connected to a tractor, and therefore do not have 
the necessary power source to operate a tractor-tracking 
system (used here for trailer-tracking) independent of the 
tractor. It takes a considerable amount of power to commu- 
nicate with satellites orbiting 22,500 miles above the earth, 
like the satellites used for Qualcomm's OmniTracs system. 

Some companies do offer untethered trailer-tracking 
systems, however. (An "untethered" trailer is a trailer that is 
not hooked, or does not need to be hooked, to a tractor's 
power supply.) For example, Orbcomm's LEO trailer- 
tracking system relies upon Low Earth-Orbit satellites for 
communications. Because LEO satellites are closer to the 
ground (e.g., 500 miles), less complex and less powerful 
antennas and communicators can be used to talk to these 
satellites than with traditional geostationary satellites. 
Similarly, cellular-based modem systems require less power 
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than traditional satellite-based systems and can be used for 
untethered trailers, although they lack the coverage of the 
full-scale tractor- tracking systems. For example, Qual- 
comm 's TrailerTracs product relies upon a cellular-based 

5 system for untethered trailer communication. 

Both of these types of untethered trailer-tracking systems 
rely upon battery power for untethered trailer communica- 
tions. Their power requirements are substantial. For 
example, communicating with the Orbcomm LEO satellites 

10 consumes power at a rate of almost 6 watts, while a 
cellular-based modem uses power at a rate of almost 600 
mW. At these power levels, batteries can be drained very 
quickly, limiting the usefulness of such systems. Also, the 
large power demands placed on the batteries requires that the 
batteries be serviced often and replaced frequently, and 
makes the batteries particularly susceptible to failure. These 
types of systems generally do not communicate with the 
tractor itself, and therefore cannot provide specific tractor 
identification and coupling information, other than a basic 
"tractor hooked" determination. 

20 

Thus, it would be desirable to provide a trailer-tracking 
system that can provide automatic tracking of mobile 
trailers, but without the substantial power requirements of a 
tractor-based communications system. 

25 Another important issue to tractor-trailer fleet owners is 
the ability to monitor trailer-yard inventory. When trailers 
are not in use, they are commonly stored in "trailer yards," 
large open facilities with rows of trailers. Large distribution 
centers may also maintain trailer yards for temporary storage 

30 while trailers are being loaded or unloaded. Some trailer 
yards may contain hundreds, or even thousands, of trailers. 
An efficient means to keep track of trailers in a yard is very 
important, for the same reasons that monitoring tractor- 
trailer fleets is important. Some fleet operators may rely 

35 upon the battery-operated untethered trailer-tracking sys- 
tems to provide GPS position data indicating that a particu- 
lar trailer is presumed to be in a yard, based on the yard's 
known coordinates. Alternatively, some systems provide 
radio frequency tagging of trailers, known as RFID, or radio 

49 frequency ID. 

A basic RFID system has three components: (1) an 
antenna or coil; (2) a transceiver with a decoder; and (3) an 
RFID tag, also called a transponder, which is electronically 
programmed with specific information. Transceivers with 
45 strategically placed antennas emit radio signals to activate 
RFID tags. The transceivers can read data from the tag, write 
data to the tag, or both. Antennas are the link between tags 
and transceivers, converting between radio waves and elec- 
trical signals. Often, antennas are packaged with the trans- 

50 ceiver and decoder to become an interrogator, also known as 
a reader. 

RFID tags typically contain an antenna or inductive coil, 
memory, and a small processor. They can be identified as 
active or passive, depending on the means by which they 

55 obtain their power. Passive tags operate without an internal 
battery source, deriving their power from the energy trans- 
mitted by the reader. A passive tag is energized by radio 
waves from the reader, and instantaneously transmits a 
unique pre-coded identifier back to the reader. Active tags 

60 utilize a power source such as an internal battery, and 
therefore reduce the power requirements of the reader. 
Active tags can provide greater communication range and 
better noise immunity than passive transponders. Active tags 
can also result in higher data transmission rates when used 

65 at higher radio frequencies. 

Interrogators emit radio waves with an effective range of 
anywhere from one inch to 200 feet or more, depending on 
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the unit's power output and the radio frequency used. When 
an RFID tag passes through the interrogation zone, it detects 
the RF activation signal, causing the tag to transmit its data. 
The interrogator receives and then decodes the data. Finally, 
data is passed to the host computer for processing. In the 
trailer-yard context, RFID tags have been placed on trailers 
and used to monitor the inventory of trailers in a yard. 
However, once trailers equipped with RFID tags are outside 
of the transmit and receive range of the transceiver, visibility 
for the trailer is lost. Thus it would be desirable to provide 
a trailer-tracking system that integrates trailer-yard inven- 
torying systems with trailer-position tracking systems. 

Thus, a need exists for a system that can track a fleet of 
mobile trailers, whether tethered or untethered, and whether 
in transport on a highway or located in a trailer yard. 

SUMMARY OF THE INVENTION 

In one embodiment of the present invention, a position 
tracking system for a plurality of mobile tractors and trailers 
includes an unique electronic identifier for each of a plural- 
ity of trailers. Also, for each tractor the position tracking 
system includes a navigation system for determining a 
current position of the tractor, and an electronic identifier 
reader for acquiring the electronic identifier of a trailer 
coupled to the tractor. The position tracking system further 
includes, for each tractor, a position reporting subsystem that 
is coupled to the navigation system and to the electronic 
identifier reader. The position reporting reports to a remote 
system the current position of the tractor and the electronic 
identifier of the trailer coupled to the tractor. 

In addition, the position tracking system includes, at each 
facility of a plurality of fixed-location facilities, one or more 
electronic identifier readers for acquiring the electronic 
identifier of one or more trailers located within the facility. 
Each facility also includes a trailer-presence reporting 
subsystem, coupled to the one or more electronic identifier 
readers of the facility, for reporting to the remote system the 
presence of the one or more trailers located within the 
facility. 

Another embodiment of the present invention is a remote 
system for use with a plurality of mobile tractors, mobile 
trailers, and fixed-location yards. Each trailer has an unique 
identifier, which can be read by a tractor to which the trailer 
is coupled, and that can also be read by a fixed-location yard 
in which the trailer is located. Further, each tractor has a 
navigation system for determining a current position of the 
tractor. The remote system includes a communication mod- 
ule for receiving tractor information, including information 
identifying a current position of a tractor and an electronic 
identifier of a trailer coupled to the identified tractor. The 
tractor information is received from a communication device 
on the tractor. Additionally, the communication module 
receives yard information, including an electronic identifier 
of a trailer located within a fixed-location yard, which is 
received from a communication device at the fixed-location 
yard. Further, the remote system includes a database for 
storing information concerning a location of a subset of each 
of the plurality of mobile tractors and trailers. 

Yet another embodiment of the present invention is a 
method of maintaining a mobile tractor-tailer database for 
use in a position tracking system for a plurality of mobile 
tractors, mobile trailers, and fixed-location yards. Each 
trailer of the plurality of mobile trailers has an unique 
identifier that can be read by a tractor to which the trailer is 
coupled, and that can also be read by a fixed-location yard 
in which the trailer is located. Further, each tractor has a 



57,609 B2 

4 

navigation system for determining a current position of the 
tractor. The method includes receiving, at a remote system, 
a report from a communication device on a tractor indicating 
a current position of the tractor, and indicating an electronic 
5 identifier of a first trailer coupled to the tractor. The method 
further includes receiving, at the remote system, a report 
from a communication device at a fixed-location facility 
indicating the electronic identifier of a second trailer present 
in the facility. 

10 In addition, the method includes storing in the mobile 
tractor-trailer database at least one entry selected from the 
group consisting of: (1) a representation of the electronic 
identifier of the first trailer; (2) an indication that the first 
trailer is coupled to the tractor; (3) a position, affiliated with 

is the first trailer, representing a current position of the tractor; 
(4) a representation of the electronic identifier of the second 
trailer; and (5) an indication that the second trailer is present 
in the facility. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a general purpose computer 
that can practice one embodiment of the present invention. 

FIG. 2 is a schematic of a tractor-trailer configured with 
a mobile terminal unit and antenna on a tractor, and an 
25 electronic identifier unit, cargo identifier, and reader exten- 
sion on a trailer, in accordance with one embodiment of the 
present invention. 

FIG. 3 A is block diagram displaying some of the com- 
ponents of the mobile terminal unit of FIG. 2. 

FIG. 3B is a block diagram displaying some of the 
components of the electronic identifier unit of FIG. 2. 

FIG. 4 is a schematic of a fixed-location facility, or trailer 
yard, including a yard processor, several trailers, and a yard 
35 tractor, based on an embodiment of the present invention. 

FIG. 4 A is block diagram displaying some of the com- 
ponents of a yard processor of FIG. 4. 

FIG. 4B is a block diagram displaying some of the 
components of a mobile terminal unit of FIG. 4. 
40 FIG. 5 is a flowchart demonstrating the maintenance of a 
mobile trailer database, in accordance with one embodiment 
of the present invention. 

FIG. 6 shows an exemplary embodiment of a trailer 
record in a mobile-trailer database, 

45 DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Generally, in one embodiment, the invention is a trailer- 
tracking system for a fleet of mobile trailers. Each of the 

50 trailers contains an RFID tag providing an unique electronic 
identifier of the trailer. The trailers are transported by a fleet 
of mobile tractors (e.g., semi-trucks), each of which has an 
RFID tag reader. When a trailer is attached to a tractor, and 
hence the trailer's RFID tag is within a short distance of the 

55 tractor's RFID tag reader, the tractor can determine the 
unique electronic identifier of the trailer. Each tractor addi- 
tionally contains a navigation system, typically a GPS 
system, for determining the location of the tractor. Using a 
communications link, each tractor (identified by an unique 

60 tractor identifier) can report the electronic identifier of the 
trailer it is coupled to (if any), together with its position, 
back to a centralized office, also referred to herein as a 
remote system. The communications link is wireless, and 
can communicate through cellular-based or satellite -based 

65 technology. 

The fleet of mobile trailers are stored at trailer yards (also 
referred to herein as fixed- location facilities and fixed - 
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location yards), whether temporarily or for extended peri- 
ods. At each trailer yard, another RFID tag reader at a yard 
station detects the unique electronic identifier of each trailer 
that is "registering" (i.e., arriving) in the yard. A trailer yard 
has, in one embodiment, two RFID tag readers at the 
gate— an arrival tag reader and a departure tag reader. The 
arrival tag monitors incoming tractor-trailers, and the depar- 
ture tag monitors departing tractor-trailers. In small yards, 
the RHD tag reader may cover the entire yard, but with large 
yards, the electronic identifiers will only be detectable at the 
gate. Thus, the system knows that a trailer is registering at 
a yard by: (1) the trailer being reported as coupled to a 
tractor; and (2) the trailer being detected by the arrival RFID 
tag reader. Conversely, the system knows that a trailer is 
deregistering from the yard by: (1) the trailer being reported 
as recently coupled to a tractor; and (2) the trailer being 
detected at the departure RFID tag reader. A database at the 
remote system stores, under the electronic identifier of each 
trailer, the location of the trailer, any tractor to which the 
trailer is coupled, and whether the trailer is registered or 
deregistered from any yards, for example. 

Referring to FIG. 1, a computer system 100 (sometimes 
herein called "the remote system") that is capable of prac- 
ticing many of the functions of the present invention is 
shown. The computer system is typically be located at a 
centralized office, which is remotely located from most of 
the tractors and trailers whose location and status is tracked 
by the computer system 100. Computer system 100 contains 
one or more central processing units (CPU) 102, memory 
104 (including high speed random access memory, and 
non-volatile memory such as disk storage), an optional user 
interface 106, a tractor-trailer position processor 108, a 
position-receiving subsystem 110, and a trailer-presence 
receiving subsystem 112, all of which are interconnected by 
one or more system busses 114. The computer system 100 is 
also connected to a remote communications network 140 
through a network interface 130. The communications net- 
work 140 may comprise a Local Area Network if the 
computer system is located locally at, for example, a trailer 
yard, or may comprise a Wide Area Network or the Internet 
if the computer system 100 is located centrally. 

The memory 104 typically stores an operating system 
120, file system 122, and a database of mobile trailers 124. 
The database of mobile trailers 124 can also be organized as 
a tractor-tailer database, as both types of databases contain 
tractor and trailer information, but are organized differently. 
The two terms will be used synonymously to refer to a 
database that contains the types of information described 
herein, as it relates to mobile tractors and to mobile trailers. 
The tractor-trailer position processor 108, the position- 
receiving subsystem 110, and the trailer-presence receiving 
subsystem 112, while shown as separate components in FIG. 
1, may in fact be combined into a single component. 
Alternatively, they can be implemented as modules (i.e., 
executable software) in memory 104. Also, while a single 
remote system 100 is shown, in practice, the mobile trailer- 
tracking system of the present invention may utilize more 
than one remote system, or may use a geographically- 
diverse, distributed remote system. 

Referring to FIG. 2, an example of a tractor- trailer that 
practices an embodiment of the present invention is shown. 
Tractor 202 includes a mobile terminal unit 204, which is 
attached to antenna 206. Coupled trailer 208 includes an 
electronic identifier unit 210, which is read by the mobile 
terminal unit 204, as will be described in further detail 
below. Trailer 208 also contains, in this example, a trailer- 
load of cargo 212, which includes an electronic cargo 
identifier 214. 
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As with the electronic identifier unit 210, the electronic 
cargo identifier 214 is read by the mobile terminal unit 204. 
However, instead of being read through antenna 206, the 
electronic cargo identifier 214 is read by the reader extension 

5 216 of the mobile terminal unit, which is an antenna 
mounted on the inside of the coupled trailer 208. The reader 
extension antenna 216 is connected back to the mobile 
terminal unit through wired tractor-trailer connection 218. A 
wired connection is generally made between a tractor and a 

30 coupled trailer to link, for example, the trailer's brake and 
signal lights to the tractor's lights. Thus, this connection 
provides a convenient way to effectively extend antenna 206 
into the interior of trailer 208, and to read the cargo identifier 
214 that antenna 206 would not otherwise normally be able 

15 to read, given that the signals from antenna 206 and elec- 
tronic cargo identifier 214 do not typically penetrate the 
trailer walls. Alternatively, antenna relays, ultra-high fre- 
quency signals, or any other mechanism that allows cargo 
identifier 214 to be read by mobile terminal unit 204, even 

20 through the walls of trailer 208, can be used with the present 
invention. 

Referring to FIG. 3 A, an example of a mobile terminal 
unit 302 is shown in accordance with one embodiment of the 
present invention. The mobile terminal unit 302 contains a 

25 GPS receiver 304, also referred to as a navigation system. 
GPS receiver 304 may be any type of conventional Global 
Positioning System that uses satellites to determine geo- 
graphical coordinates and/or altitude, as is well-established 
and well-known by those of skill in the art. Alternatively, 

30 other types of position locating systems can be used with the 
present invention, such as Loran-C and other earth-based 
triangulation systems, including cellular-based systems. The 
invention is not meant to be limited to any particular type of 
position-location system, and indeed it is contemplated that 

35 future types of position location systems would be within the 
scope of the invention. GPS receiver 304 operates through 
transceiver antenna 312, shared by the communications 
transceiver 310, but in other embodiments may also have an 
independent antenna used solely by the GPS receiver, such 

40 as a helix antenna. 

Mobile terminal unit 302 also includes electronic identi- 
fier reader 308, which operates through interrogator antenna 
314. (The electronic identifier reader alone, or in combina- 
tion with the interrogator antenna, is also referred to herein 

45 as an interrogator). In one embodiment, the electronic iden- 
tifier reader and interrogator antenna comprise a RFID 
transceiver. As will be explained in further detail below, 
because the trailer's electronic identifier unit is constrained 
to a short transmission range for tractor-trailer 

50 communications, the interrogator antenna must be mounted 
as close to the rear of tractor as possible. Thus, the interro- 
gator antenna 314 can be packaged separately for installa- 
tion on the tractor near to the trailer. However, in general, 
GPS receiver 304, processor 306 (e.g., a programmed micro- 

55 controller or microprocessor), electronic identifier reader 
308, communications transceiver 310, transceiver antenna 
312, and interrogator antenna 314 are packaged together to 
minimize the number of separate packages that will have to 
be installed on the tractor, and thus the integrated mobile 

60 terminal unit 302 is preferably mounted close to the rear of 
the tractor. 

The frequency (i.e., oftenness) of interrogation by the 
electronic identifier reader 308 is a function of the type of 
trailer attached to the tractor, as explained in more detail 
65 below. In one embodiment, the electronic identifier reader 
308 is enabled to send interrogation signals only when the 
tractor (to which the electronic identifier reader 308 is 
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mounted) is coupled to a trailer. Detecting the coupling of any time. In one embodiment, the mobile terminal unit will 

the tractor to a trailer is accomplished in this embodiment by respond to the requested polling if the request was from a 

using a simple open/closed circuit detector (not shown in the system having an approved calling identifier (e.g., the 

Figures) to detect when a power and signal cable from the remote system), stored in the mobile terminal unit, 

tractor is coupled to a trailer (for providing power and 5 Additionally, in one embodiment, the mobile terminal unit 

control signals to the tail lights and signal lights on the includes manual means for the driver to contact the remote 

trailer). In another embodiment, the tractor to trailer cou- system, such as a panic button, which causes the mobile 

pling detection mechanism is a short-range motion detector, terminal unit to transmit a distress message with emergency 

mounted on the tractor at trailer height, to monitor the space information, such as the tractor's location. 

immediately behind the tractor. In these embodiments, the in ™ u-i * - i u mi * * m ♦ ♦ » 

. i , , , « ' 30 The mobile terminal unit 302 operates from a tractor s 

electronic identifier reader 308 only sends interrogation , _ . T , t u-i * • i 

, . J . u . . -i • batteries. In one embodiment, the mobile terminal unit is 

signals when a detection mechanism detects that a trailer is , . . . . f * u u .« • *u * *u 

& , . T t ... . designed to operate from these battenes without the engine 

coupled to the tractor. In yet another embodiment, the mnnin f or u to 30 da s 

electronic identifier reader 308 periodically sends interro- winning or U P ° avs * 

gation signals without regard to whether a trailer is coupled Referring to FIG. 3B, an electronic identifier unit 322, 

to the tractor re f errec * to herein as an unique electronic identifier, or 

r> *u i • -a a lac a mc tag, is shown, in accordance with one embodiment of the 

Both electronic identifier reader 308 and GPS receiver & * '. „ t , . . . 

h\a -a* a ♦ * « it\< tu. j ntn ; , present invention. (In one embodiment, the electronic lden- 

304 provide data mput to processor 306. The data input may *.„ . . v.-™ , , . . , 

be raw data requiring further processing by processor 306, tlfier umt 322 * a transponder, and, in P«tici^an 

or it may be the actual geographical coordinates of the 20 f lve *™poute powered by a battery (not shown)). The 

tractor (from the GPS receiver) and an electronic identifier electromc identifier unit is mounted on a trailer and contains 

of a coupled trailer (from the electronic identifier reader). As ™ mor y 324 ' includin e VTK/ 

wiU be discussed in further detail below, the electronic 326 and * f nsor status fie l d 328 * }l °' her embodim ^ 
identifier unit of a trailer may also provide additional status memor >: 324 J™* 0001310 actional fields, or may include 
information, such as the temperature of a refrigerated trailer, 25 SUCD ™ ^ unique electronic identifier 
to the electronic identifier reader 308. Again, this data may fie d 326 onl ^ for Memory 324 may be a read- 
be an actual value, or it may be raw data that requires further write one-read many, or a read-write memory. The 
algorithmic processing. Processor 306 conducts the neces- elec *° mc ldentlfier 322 um ! add " lona "y includes a proces- 
sary signal and data processing, and then prepares a data sor 330 and a communications transceiver 332. The corn- 
message, including the electronic identifier of a trailer (if 30 munitions transceiver 332 communicates through tran- 
any) coupled to the tractor, and the position of the tractor s P onder antenna 334. 

(and, by association, the position of the trailer), to be As is well-known in the art, RFID transponders send out 

communicated back to the remote system 100. The mobile a si g nal in response to an "interrogation" signal from a RFID 

terminal unit 302 has an unique tractor identifier associated interrogator. When an RFID tag is within range to receive 

with it, which is included in the data message to identify the 35 the interrogation signal from the RFID interrogator, the 

originating tractor of the message. processor of the RFID tag directs the tag to send out an 

The data message is then handed off to communications appropriate response transmission containing the data stored 
transceiver 310, which may include a digital to analog m the memor y 324 of me tag- 
converter to prepare the data for transmission, and which The electronic identifier unit 322 transmits the electronic 
transmits the information via the transceiver antenna 312. 40 identifier of a trailer to at least two different types of 
Processor 306, communications transceiver 310, and trans- interrogators (i.e., electronic identifier readers). These 
ceiver antenna 312 jointly, or any of these components include the interrogator of a tractor (whether a normal 
separately, is also referred to herein as a position-reporting highway tractor or a "yard" tractor, which will be described 
subsystem (or, alternatively, a communication device). below), and the interrogator of a trailer yard. However, the 
Thus, it is the position -reporting subsystem that reports the 45 transmission distances required for each are different. With 
current position of the tractor, and the electronic identifier of a tractor, a low-power, short-distance transmission is desir- 
the trailer that is coupled to the tractor, to the remote system. able because the interrogator of a tractor will be frequently 
And, to obtain this information, the position-reporting sub- interrogating the electronic identifier unit of a trailer — for 
system is coupled to the GPS receiver 304 and to the example, as often as every fifteen minutes for a refrigerated 
electronic identifier reader 308, as described above. (As used 50 trailer. Because the electronic identifier unit 322 operates 
herein, this type of "coupling" does not have to be a direct from an internal battery source in one embodiment, the 
connection — it can also be made through one or more battery power will quickly be depleted with frequent inter- 
intermediary devices). rogation unless the signal output by the electronic identifier 

The position -reporting subsystem of a tractor may com- umt is low. Thus, in one embodiment, the maximum distance 

municate with the remote system 100 (FIG. 1) on an 55 between the mobile terminal unit 302 of a tractor and the 

event-driven basis, or on a periodic basis, or both. The types electronic identifier unit 322 is two feet, necessitating that 

of events that may prompt the position-reporting subsystem tne electronic identifier unit 322 be mounted near the very 

of a tractor to report to the remote system include both front °f a trailer, whether on top or on the front wall of the 

scheduled events (e.g., coupling to a tractor or registering at trailer. 

a trailer yard), and unscheduled events (e.g., a trailer door 60 The other type of interrogator that an electronic identifier 
opening). If the position-reporting subsystem reports on a unit 322 typically transmits to is one located at the gate of 
periodic basis, it may call in to the remote system once a day, a trailer yard. Because the distance between a gate and an 
for example, to report the position of the tractor and the entering or departing tractor-trailer will generally be sub- 
trailer (if any) coupled to the tractor. Additionally, the stantially greater than two feet, a higher-power transmission 
remote system can contact the mobile terminal unit through 65 signal is necessary. In one embodiment, the electronic 
the position-reporting subsystem and request an update from identifier unit 322 has a high-power transmission mode that 
the electronic identifier reader 308 and GPS receiver 304 at can transmit a return transmission signal to about 200 feet. 
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The electronic identifier unit can output this kind of power the cargo; (vi) the battery power remaining for the trailer; 

because it does so very infrequendy — only when a trailer is and (vii) if the trailer is refrigerated, the current temperature 

entering or leaving a trailer yard of the trailer. Of course, these are merely examples, and any 

Tn Antn • t . o ^ rt >t„ rn trnncm ; cc ; An «™ wr other type of sensor that can be used to provide trailer-status 

lo determine the appropriate return transmission power . c ■ • • ■ j i_ »u c .l 

i if * „ « .~ „ „„ < information is envisioned to be within the scope or the 

level for transmitting a response to a query from an 5 . r 

, ° ~™ c i 7 * j invention. 

interrogator, the processor 330 or the electronic identifier _ , _ , . ... 

. to . . r T . j. *| i For each of these categories of sensors, multiple sensors 

unit analyzes the query. In one embodiment, a query will can be tQ detect ^ m &{ J ihn ^ ioT 

contain a data bit indicating whether the return transmission {t ^ ^ {q ^ sensQrs the 

level ^shouldbe high (i.e., up to 200 feet) or low (i.e., up to te ture of a refrigerator trailer in various positions 

two feet), depending on whether the query was sent out by no ^ ^ ^ ^ embodimentj these ^ 

an electronic identifier reader from a trailer yard or a tractor, hard . wired directl to the electronic ideat ifi er uait 322, but 

respectively. In other embodiments the query ^ ^ embodimentS) ^ or ^ of the are 

additional return transmission levels such as a medium- ^ ^ transmit tQ a ^ fe assod _ 

range transmission level. This may be useful if electronic ated ^ ^ ekctronic identifier reader 322t If a trailer . 

identifier readers are mounted at locations such as weigh 15 fr m does sensor . status informatiorj , the 

stations or rest stops, or other types of stopping points where q of m ^ the sensQr status field 328 

a trailer can be expected to pass reasonably close. ^ be read _ write> ^ that the dynamicaUy changing status 

Alternatively, electronic identifier units can monitor for information detected by the sensors can be dynamicaUy 

queries provided at different frequencies from different updated in the memory. The updating of status information 

interrogators. Under this scheme, an electronic identifier unit can eitner be set up t0 occur ^ changes happen, i.e., as an 

will respond to a query identified at a particular frequency event-driven system, or the processor 330 can periodically 

with a return transmission at a pre-specified power level p 0 ^ tn e sensors. 

corresponding to that frequency. Also, while a single elec- Refrigerated trailers generally include a temperature 
tromc identifier unit 322 has been described with the capac- sensofj whicfa ^ lypically part of a thermostat connected to 
ity to transmit return signals at different power levels, re fri g eration equipment used control internal trailer tern- 
separate electronic identifier units having different transmis- perature . S uch trailers also often include door sensors that 
sion capabilities can also be utilized for the different types cafl be tQ a Ught 0f Qther inst rument that generates 
of interrogators. a wamm g wn en the trailer door or doors are left open. These 
The unique electronic identifier field 326 of memory 324 3Q sensors help prevent spoilage of cargo, in part by controlling 
contains an electronic identifier that uniquely identifies a tne trailer temperature and in part by generating a warning 
particular trailer. This unique electronic identifier can be set when the trailer doors are open and when the temperature in 
by the manufacturer of the electronic identifier unit 322 if it the trailer exceeds a threshold level. In one embodiment, the 
is stored in read-only memory, or it can be written and electronic identifier units 322 mounted to refrigerated trail- 
rewritten by any party if it is stored in, for example, a flash 35 ers s t 0 re sensor-status information for at least one trailer 
memory. Using read-write memory provides greater flex- thermostat and the open/closed status of the trailer doors, 
ibility for trailer identification systems that change which may be a "temperature bit"(mdkating whether the 
dynamically — for example, for trailers that are leased out to temperature in the trailer is above a threshold level) and a 
multiple carriers. Also, using this type of memory allows the "door lock bit" (indicating whether the trailer doors are 
type of cargo, volume of cargo, condition of cargo, etc., 4Q closed). 

carried by a trailer on a particular trip to be dynamically Additionally, a refrigerated trailer will preferably be inter- 
written into the unique electronic identifier field 326 or other rogated by the mobile terminal unit 302 much more fre- 
fields in memory 324. Additionally, part of the unique que ntly than a non-refrigerated trailer, to ensure that internal 
electronic identifier field 326 may identify the type of trailer, temperature is within the appropriate range. Where a 
whether a normal-cargo trailer, a refrigerated trailer, a 45 continuously-coupled, non-refrigerated trailer might be 
livestock- cargo trailer, etc. interrogated once or twice a day, a refrigerated trailer may be 
To dynamically write these values into the unique elec- interrogated as often as every fifteen minutes. As described 
tronic identifier field 326, a fleet owner may use memory above, this puts a substantial drain on a battery, and does not 
update stations at the loading dock of a trailer yard, for leave much power to drive the sensors. Therefore, in one 
example, to record the type of cargo being loaded into a 50 embodiment, the sensors used on a refrigerated trailer will 
trailer. Also, in one embodiment, the mobile terminal unit draw their power from the same power source that provides 
302 of a tractor may transmit a write command along with, the refrigeration itself. Other types of trailers, such as 
or immediately after, a query, specifying that the unique livestock-cargo trailers, may also require more frequent 
electronic identifier field 326 and/or other fields in memory interrogation. In general, there is a hierarchy of trailer types 
324 be overwritten with an updated value. In this manner, 55 indicating the frequency with which each type of trailer must 
trailer identifiers can be dynamically updated through com- be interrogated, which is typically programmed into a trac- 
mands issued by the remote system to the mobile terminal tor's mobile terminal unit. 

units, which may be useful to update the identifiers of single Even with a refrigerated trailer, however, the power for 

or multiple trailers to reflect new delivery routes, new the electronic identifier unit 322 will typically still be 

leasees, new cargo, new dates, etc. 60 provided from the same source as with other types of 

The optional sensor status field 328 contains information trailers — an internal battery, in one embodiment. As 

provided to the electronic identifier unit 322 by sensors that explained above, the close proximity requirements of the 

are mounted on the trailer body (not shown). The types of mobile terminal unit of a tractor, and the electronic identifier 

sensors that can be utilized include sensors to determine, for unit of a trailer, keep power requirements on the battery low. 

example: (i) whether the trailer doors are locked; (ii) 65 In addition, in one embodiment, the electronic identifier unit 

whether the trailer doors are open; (iii) whether cargo is also uses well-known power-management techniques to 

present; (iv) what type of cargo is present; (v) the weight of reduce power drain to a very low level. Also, when a trailer 
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couples to a tractor, the electronic identifier unit 322 of the of a trailer, the trailer-presence reporting subsystem (also 
trailer can recharge its batteries from the battery of the referred to as a communication device) reports to the con- 
tractor. In one embodiment, the electrom^ ^ tralized office, or remote system, that it has detected the 
is designed to operate on the internal batteries without trailer as present at the facility. Furthermore, to distinguish 
charging for 90 days, and without replacement for a mini- 5 among multiple fixed-location facilities in a network of 
mum of five years. Further, in another embodiment, solar fixed-location facilities, each yard processor 402 has a yard 
cells supplement the recharging of the internal batteries. identifier value that it uses to identify itself as part of the 
_ ./ i . T- . , . communication. Using the identifiers of the trailer and of the 
While the electronic identifier unit 322 has been described fixed . location facilitVj the remote system records the pres- 
as an active RFID transponder that operates from an internal ence of ^ tfailer m the yard ^ commumca tion is 
battery, in another embodiment, it could also be a passive W all made over a wifed WAN (wide ^ network) , 
RFID transponder. As described above a passive transpon- such as the Imemet Qr otQer public . type network in one 
der uses power generated by induction from the query itself embodiment . I n another embodiment the WAN is private, 
to transmit a response to the query. While this can be easily operated by the tractor-trailer fleet owner or by the provider 
utilized for the tractor-trailer coupling, it does not provide of the trailer . tracking functionality described herein. In yet 
the kind of return transmission distances potentially required is embodimentj the yard processor transmits trailer 
at, for example, fixed-location facilities. However, passive information t0 the remote system using a wired or wireless 
electronic identifier units 322 may still be able to sufficiently telephone network 

transmit a response to a query if the interrogator is close when ^ ^ m m Qff a( ^ 

enough, or .f the energy level (and hence the inductive field) localion m ^ 

ot the .nterrogator is high enough jnis may be poss.bie by, - fof tne ' interroeat ' o ; of ^ ' rd 

to read the 

for example routing all tractor-trailers entering or departing ^ 406 an(J 41Q Qf ^ ^ _ 

a trailer yard close enough to the station ga e to allow the ^ ^ 4Q2 ^ ^ Mq ^ 

interrogator at the gate to successfully read the identifying ^ detect ^ m and 410 0 f trailers 

data from the trailer. 404 and 408 stQred at ^ facility> dependin g on the i r 

Regardless of whether a trailer has sensors to provide proximity to the yard processor. However, keeping trailers in 

status information or not, in one embodiment the electronic ra[lge of tne interrogator at the yard processor 402 is 

identifier unit 322 only provides status information if the unne cessary to determine whether a trailer is present or not 

interrogator requests it in the query. That is, the query will present in the facility. 

have one or more bits of data that specify whether the Nexl> we address me issue ^ tQ how the system deter . 

electronic identifier unit 322 should transmit the sensor mifles whethef a fe regis{ering or deregister ing in the 

status information, regardless of whether or not it is avail- yafd when it is detecled by a yard processor 492 at an 

able. In another embodiment, the electronic identifier unit entfance Qr cxft of the yard tf the yard has ^ fc 

322 does not respond to the query from an interrogator at all entrances and exits that are sufficiently far apart that the yard 

unless it unless the query contains data bits that identify the ssors 402 at each entrance ^ una51e t0 detect trai i e rs at 

electronic identifier unit (perhaps by class of unit). This aQy ^ and yice y ^ theQ tfle ^ fof confusion ^ 

scheme may be used as a method to avoid cross-talk among minimal Qf nonexistent . However, if either (A) an entrance 

electronic identifier units of trailers in close proximity. and exh af£ fihared 0f afe yery dose tQ eacfa ^ Qf ^ me 

Referring to FIG. 4, a fixed-location facility 400, or trailer detection range of a yard processor 402 is sufficient to detect 

yard, is shown. The fixed-location facility includes a yard 4Q trailers at both an entrance and exit, then other mechanisms 

processor 402, also referred to as a yard station, which nee d to be used to ensure that the system can distinguish 

comprises one or more electronic identifier readers, and a between trailers registering (i.e., entering) and trailers dereg- 

trailer-presence reporting subsystem coupled to the elec- istering (i.e., leaving) a yard. The mechanism used in a 

ironic identifier reader (not shown individually). The yard preferred embodiment makes use of the historical informa- 

processor 402 would typically be located at, or nearby, the 45 t ion in the mobile trailer database 124 of the remote system 

entry/exit gate of the fixed -location facility 400. The elec- 100 (FIG. 1). 

tronic identifier reader of the yard processor functions just For ins t ance) when a trailer has been "on the road," and 

like the electronic identifier reader on a tractor. In one thus outs j de Q f a yard) there will typically be one or more 

embodiment the query issued by the yard processor specifies records 600 (FIG. 6) in the database 124 have indicate which 

a higher return transmission power level, as described pre- 5Q tractor the trailer ^ connected to and its position at various 

viously. In another embodiment, the RFID has only one times m the recent past. When the trailer enters a yard, the 

transmission power level, suitable for transmission to inter- yard proC essor at the yard entrance reports the detection of 

rogators up to a fixed distance (e.g., within a range of 8 to the trailer > s ID t0 the re mote system 100. The remote 

20 feet). computer system 1000, by searching its database 124 for the 

In some embodiments, the electronic identifier reader may 55 most recent record(s) for the reported trailer ID determines 
issue the query whenever a motion detector detects motion from those records that the trailer has been "on the road" 
nearby the yard processor 402. Optionally, the motion may outside the yard and is therefore registering at the yard, 
be set at a height associated with tractors to reduce queries N ext> when a trailer that has been registered in a yard is 
issued when smaller vehicles pass by the yard processor. In preparing to leave the yard, two events occur that inform the 
other embodiments the yard processor may issue the query 60 rem ote system 100 that the trailer is deregistering from the 
whenever a vehicle passes over a sensor in or under or on the yardi wnen the trailer is hitched (i.e., coupled) to a 
ground of roadway near the yard entrance (also called the tractor, in a preferred embodiment the tractor sends a corn- 
yard arrival point or gate or the ingress point or gate) or yard munication to the remote system 100 reporting its location 
exit (also called the yard departure point or gate or the egress an d identifying the trailer that has been hitched to the tractor, 
point or gate). 65 This information is entered in the database 124. However, 

When the electronic identifier reader of a yard processor the tractor trailer report at the time the two are hitched is 

402 located at the yard entrance reads an electronic identifier optional (although helpful) and is not necessary for success- 
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ful implementation of the present invention. When the trailer 
reaches the yard processor at the yard exit, the yard proces- 
sor reports to the remote system 100 the presence of the 
trailer at the yard exit. Even if this yard exit is both an 
entrance and an exit, the computer system 100 determines 5 
that the trailer is deregistering from the yard by searching its 
database 124 for records associated with the trailer's trailer 
ID. From this search the computer system 100 determines 

(A) that the trailer was previously registered at the yard, and 

(B) that the trailer has not been reported to be "on the road" 1Q 
outside the yard since the time it registered with the yard. 
This information is sufficient for the computer system to 
determine that the trailer is deregistering from the yard. 

In embodiments in which the hitching of the trailer to a 
tractor is contemporaneously reported (e.g., by the tractor's 
mobile terminal unit 204) to the remote system 100, the 
remote system 100 also finds a record 600 in its database 124 
reporting that event. Finding this record provides further 
confirmation that the trailer at the yard exit is leaving and 
deregistering from the yard. ^ 

Thus, while having separate yard arrival and departure 
gates and yard processors simplifies the trailer registration 
and deregistration logic of the remote system, having a 
combined arrival and departure gate, with one or more yard 
processor at the gate, does not prevent the system from 25 
successfully determining which trailers are registering and 
which trailers are deregistering from a yard. 

FIG. 4A is a block diagram of the yard processor 402. In 
one embodiment, portions of the yard processor 402 are 
similar to the mobile terminal unit 302 of FIG. 3A. In 30 
particular, the yard processor 402 includes a processor 306 
(e.g., a programmed microcontroller or microprocessor), an 
electronic identifier reader 308, a communications trans- 
ceiver 424, and a transceiver antenna 312. The yard proces- 
sor's communications transceiver 424 is configured to 35 
exchange messages with the remote system via a commu- 
nications network 140, such as a wide area network. Finally, 
the yard processor 402 preferably includes a yard ID 422, 
which identifies the yard in which the yard processor 402 is 
located, and preferably does not include a GPS receiver, 40 
since the location of the yard in which the yard processor 
402 is located is a known, fixed location. Messages sent by 
the yard processor 402 to the remote system preferably 
include the yard ID 422 so as to identify the yard for which 
a report is being submitted to the remote system. 45 

Also shown in FIG. 4 is yard tractor 412 having mobile 
terminal unit 414. Yard tractors are used to conduct yard 
operations, such as loading, unloading, and organizing of 
trailers in fixed-location facility 400. Yard tractors tend to be 
more utilitarian than highway tractors, and may be similar to 50 
the types of tractors used for agricultural purposes. 

Referring to FIG. 4B, the yard tractor's mobile terminal 
unit 414 is similar to a highway tractor's mobile terminal 
unit, but it does not have a GPS receiver in accordance with 
one embodiment of the present invention. This is because 55 
the trailer is known to be in the yard — its precise geographi- 
cal coordinates are unnecessary. Instead, the mobile terminal 
unit 414 has a yard ID 422. However, in other embodiments, 
actual coordinates could be important for trailer organiza- 
tional purposes, and the mobile terminal units of the yard 60 
tractors contain navigation (e.g., GPS) systems. 
Alternatively, if a fixed -location facility has enough inter- 
rogators placed at strategic places around the yard, it is 
possible to determine a trailer's position through well- 
known triangulation techniques. 55 

The mobile terminal unit 414 of yard tractor 412 includes 
a processor 306 (e.g., a programmed microcontroller or 



microprocessor), an electronic identifier reader 308 for 
acquiring the electronic identifiers of trailers coupled to the 
mobile terminal unit 414, and a communications transceiver 
for reporting the attachment of a trailer to the yard tractor 
412 for yard operations. In one embodiment, the mobile 
terminal unit 414 uses an antenna 428 to communicate 
directly with the remote system, for instance using a satellite 
or cellular link). In another embodiment, the yard processor 
402 or another system local to the yard manages information 
about trailers and yard tractors within the yard, and in this 
embodiment the mobile terminal unit 414 uses antenna 428 
to communicate with the yard processor 402 or other local 
system so as to provide the processor or system with 
information about the yard tractors and trailers in the yard. 

At the remote system 100, or central office, shown in FIG. 
1, a database 124 of mobile trailers stores dynamic real-time 
data for each trailer. For example, the database may indicate, 
for each trailer of a subset of a fleet of trailers: a current 
position of the trailer, the presence of the trailer in a 
fixed-location facility, any tractor that the trailer is coupled 
to, and/or a current position of the coupled tractor. (As used 
herein, a "subset" of something can be either a part of the 
thing, or the whole thing). To compile this information, the 
position-receiving subsystem receives signals (e.g., data 
messages) from the position-reporting subsystems of the 
tractors. Similarly, the trailer-presence receiving subsystem 
receives signals from the trailer-presence reporting sub- 
systems (e.g., the yard processors) of the fixed-location 
facilities. Then, the tractor-trailer position processor pro- 
cesses these received signals to determine the current posi- 
tion of the transmitting tractors, the electronic identifiers of 
the trailers coupled to the tractors, and the presence of the 
trailers located within the fixed-location facilities. Other 
optional information that can be transmitted and processed 
includes status information from sensors on the trailers. 

Another description of the functionality of the remote 
system 100 is that, at the remote system, a communication 
module receives tractor and yard information. The tractor 
information includes information identifying a current posi- 
tion of a tractor and an electronic identifier of a trailer 
coupled to the identified tractor, received from a communi- 
cation device on the tractor. The yard information includes 
an electronic identifier of a trailer located within a fixed- 
location facility, received from a communication device at 
the fixed-location yard. A database 124 stores information 
concerning a location of each tractor and trailer of the fleet 
of mobile tractors and trailers, at the remote system. 

An example of a method of maintaining a database 124 of 
mobile trailers (also referred to as a mobile tractor-trailer 
database) is shown at FIG. 5, in accordance with one 
embodiment of the present invention. The remote system 
receives a report from a communication device on a first 
tractor indicating a current position of the first tractor, and an 
electronic identifier of a first trailer coupled to the first 
tractor (502). The remote system also receives a report from 
a communication device at a fixed-location facility indicat- 
ing the electronic identifier of a second trailer present in the 
facility (504). Then, the remote system stores, in the mobile 
tractor-trailer database, at least one of the following (506): 
a representation of the electronic identifier of the first trailer 
(508); an indication that the first trailer is coupled to the first 
tractor (510); a position, affiliated with the first trailer, 
representing a current position of the first tractor (512); a 
representation of the electronic identifier of the second 
trailer (514); and/or an indication that the second trailer is 
present in the facility (516). The particular information 
stored, and the associations between the stored database 
records, are a function of the way the database is organized. 
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Records from an exemplary mobile-trailer database are 
shown in FIG. 6. As shown on the left side of FIG. 6, a series 
of "Trailer ID 1 ... N" records are stored in a database. On 
the right is an exemplary mobile-trailer database record 600. 
As shown, the record is stored (sorted) under the trailer ID 
602, which is either the direct unique electronic identifier of 
each trailer described earlier, or is at least derived from that 
value. While the database need not be organized strictly as 
a mobile trailer database, and may contain separate records 
for both tractors and trailers, this is strictly a matter of form 
as both types of databases would contain the exact same 
information (i.e., in a mobile trailer database, information 
about each tractor can be found in the record for the trailer 
to which that tractor is coupled). 

The exemplary record 600 also contains a yard ID 604. 
Each yard (i.e., fixed-location facility) also must have an 
identifier, so that the database can distinguish at which yard 
a particular trailer is located. This identifier is typically 
associated with the yard processor at a particular yard. The 
yard ID 604 may be the actual numeric (or alphanumeric) 
value associated with each yard, or it may be converted to 
a geographic description of the particular yard (e.g., 
"Dayton, Ohio trailer yard"). Sub-entries organized under 
the yard ID are the time the particular trailer registered at the 
yard (606) and, if the trailer has left, the time that the trailer 
deregistered (608), as provided by the yard processor. 

Further, record 600 includes a coupled tractor ID 610. 
This entry indicates which tractor a trailer is currently 
coupled to, if it is not stored in a yard. Optionally, sub- 
entries indicate the time the trailer was coupled to the tractor 
(612), and the location of the trailer at the time it coupled to 
the tractor (614). The coupled location information for the 
coupled tractor can be presented in geographical coordinates 
from the GPS system of the tractor, or it can be converted to 
an approximate geographical area, such as a city or even a 
particular trailer yard. Because, in an event -driven reporting 
system, a tractor's position-reporting subsystem will report 
to the remote system when it first detects the unique elec- 
tronic identifier of a trailer, both the time (612) and location 
(614) of coupling should be relatively accurate (of course, 
this would not be true in a periodic-repor ting-only system). 
In an alternative embodiment, record 600 may also contains 
a time of decoupling (not shown), if available. This would 
be the time that the tractor reports to the remote system, 
through its position-reporting subsystem, that the tractor's 
electronic identifier reader is no longer acquiring the elec- 
tronic identifier of the trailer. 

Next, record 600 contains the last known location of the 
trailer (616). This value is typically provided by one of two 
sources: either the coupled tractor's navigation (GPS) 
system, or a yard processor at the trailer yard where the 
trailer is currently registered, if this is the case. Depending 
on the frequency of reporting by the position-reporting 
subsystems of the tractors, or by the trailer-presence report- 
ing subsystems of the trailer yards, the last known location 
could be very recent (i.e., in the case of a recent coupling, 
prompting an event-driven report from the coupled tractor), 
or it could be up to a day or more old (i.e., in the case of a 
periodic report by a tractor or in the case of a trailer left in 
a yard for more than a day). 

As a sub-entry, the record may also optionally contain a 
direction of heading and velocity for the trailer (618). This 
could be calculated, in one embodiment, by comparing the 
last available location (available from other historic records, 
as will be described below) with a current location, as well 
as the time elapsed between the two location determinations. 
If reports are provided relatively frequently, this entry can 
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provide a general indication of where a particular trailer is 
heading, and how fast. In the case of longer periodic 
reporting, this entry may only indicate an average speed for 
an entire day of travel, and a very approximate direction of 
5 travel. 

In order to determine how recent the information con- 
tained in mobile-trailer database record 600 is, the record 
preferably stores a representation of the time the last report 
on the trailer was provided (620). Thus, the remote system 

10 records the last time it received a communication from the 
position-reporting subsystem of a tractor or the trailer- 
presence reporting subsystem of a fixed-location facility, 
and may also record whether the report was made at the time 
of the actual event, or on a periodic basis, or in response to 
a polling. This helps establish the accuracy (i.e., the recency) 

15 of the information provided by the position-reporting and 
trailer-presence reporting subsystems. This entry also assists 
a viewer in determining, for example, the accuracy of the 
direction/velocity entry 618. 

The status information entry 622 contains information 

20 from optional trailer sensors as described above. For 
example, this field may contain information on the status of 
the doors (e.g., closed and/or locked), the electronic identi- 
fier of any cargo present, the temperature of the cargo, etc. 
While shown as a single field, each type of status data can 

25 be a separate entry in the record. Certain types of trailers will 
require certain types of status information 622, such as cargo 
temperature and trailer door status for a refrigerated trailer. 
Because status information can change relatively rapidly, the 
time of last report entry 620 may be particularly useful in 

30 g^giflg now accurate the status data entry or entries are. 
Finally, record 600 contains a historical record pointer 
624 to the last (older) record for this particular trailer, shown 
in FIG. 6 as "Trailer ID Old Record 1" (630). The Trailer ID 
Old Record 1 itself points to the next oldest (next last) 

35 record — "Trailer ID Old Record 2" (632). The length of time 
before a current record becomes a historical record can range 
anywhere from each time any entry in the record changes, up 
to some pre-specified recording period, such as daily or 
weekly. Obviously, the more frequently that historical 

40 records are created, the more information that is stored for 
each trailer, and the larger the size of the database. In another 
embodiment, each entry in mobile-trailer database record 
600 directly contains older, historical values for each entry, 
allowing a direct comparison of current to historical values. 

45 In a different embodiment, historical data is stored both in 
the current record (for some or all of the entries), and in 
linked historical records. 

As an alternative to the linked-list of historical records, a 
subset of the information stored in the current mobile-trailer 

50 database record 600 can be kept as historical data in a log 
file. For example, for each trailer in a fleet of trailers, the log 
file may include information records indicating historical 
position information for the trailer, and a list of tractors to 
which the trailer has been coupled. The log file may also 

55 include information records indicating, for each tractor in a 
fleet of tractors, historical position information for the 
tractor, and a list of electronic identifiers of trailers histori- 
cally coupled to the tractor. Also, the log file might include 
information records indicating, for each fixed-location facil- 

60 ity in a network of fixed-location facilities, a list of one or 
more trailers historically reported as being present in the 
facility. These are just examples of different types of his- 
torical records and data that might be available; many other 
types of historical records, whether kept in linked-list format 

65 or as a log file, and whether organized by trailer, tractor, or 
fixed-location facility, are all envisioned to be within the 
scope of the invention. 
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By using linked records or the log file of the mobile -trailer 
database, a user could request a report detailing the complete 
history of a trailer The historical report on a trailer could 
include such information as the trailer's lifetime 
whereabouts, different cargo loads, tractors to which it has 
been coupled, the trailer yards where it has been stored, the 
functioning of its sensors, etc. Correspondingly, a user could 
request similar reports for tractors and trailer yards, such as 
which trailers a particular tractor has been coupled to, and 
which trailers have been present in a particular yard, as this 
information is also available from the mobile-trailer data- 
base. Reports could be generated using various limiting 
parameters, such as particular dates, types of trailers, trailers 
that have hauled certain cargo types, etc. The ability to 
generate tailored reports from the mobile-trailer database is 
only limited by the type and amount of data available in the 
database. 

Alternate Embodiments 

While some embodiments of the present invention have 
been described as utilizing a Global Positioning System for 
navigation, and a RFID interrogator/tag system for trailer 
identification, any other systems that accomplish the same 
functions would be equally applicable to the present inven- 
tion. Thus, for example, a system using cellular- or other 
type of radio-wave triangulation to determine tractor and 
trailer positioning would be within the scope of the inven- 
tion. Similarly, the invention would encompass a system 
whereby a driver manually provides geographic information 
into a tractor's mobile terminal unit for transmission back to 
the remote station. In the context of the present invention, 
the navigation system only needs to be able to provide some 
kind of periodic geographical position reporting. 

Similarly, the RFID interrogator and tag system described 
for some embodiments of the present invention could be 
replaced by other types of communicating devices that can 
provide an identification function. Thus, for example, infra- 
red LED detectors and transmitters could be used for the 
querying and identifying functions of the interrogator and 
tag. Or, a long-range bar code scanning system could scan 
bar codes attached to trailers. The main requirement is that 
whatever aspect of any alternative system is associated with 
the trailer, it must have low power requirements, such that it 
can operate off of an internal battery. Otherwise, the system 
need only be able to read identifying features from a trailer, 
whether by query and response, or by periodic broadcast 
message, or by a scanning system, but it must be able to do 
so from multiple locations. 

Some aspects of the present invention can also be imple- 
mented as a computer program product that includes a 
computer program mechanism embedded in a computer 
readable storage medium. For instance, the computer pro- 
gram product could contain the database of mobile trailers, 
and could contain functionality of the position-receiving 
subsystem, trailer-presence receiving subsystem, and 
tractor-trailer position processor shown in FIG. 1. These 
program modules may be stored on a CD-ROM, magnetic 
disk storage product, or any other computer readable data or 
program storage product. The software modules in the 
computer program product may also be distributed 
electronically, via the Internet or otherwise, by transmission 
of a computer data signal (in which the software modules are 
embedded) on a carrier wave. 

While the present invention has been described with 
reference to a few specific embodiments, the description is 
illustrative of the invention and is not to be construed as 
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limiting the invention. Various modifications may occur to 
those skilled in the art without departing from the true spirit 
and scope of the invention as defined by the appended 
claims. 
5 We claim: 

1. A position tracking system for a plurality of mobile 
tractors and trailers comprising: 

an unique electronic identifier for each of a plurality of 
trailers; 

10 for each tractor of a plurality of tractors: 

a navigation system for determining a current position 

of the tractor; 
an electronic identifier reader for acquiring the elec- 
tronic identifier of a trailer, of the plurality of trailers, 
15 coupled to the tractor; and 

a position-reporting subsystem, coupled to the naviga- 
tion system and to the electronic identifier reader, for 
reporting to a remote system the current position of 
the tractor and the electronic identifier of the trailer 
20 coupled to the tractor; 

at each facility of a plurality of fixed-location facilities: 
one or more electronic identifier readers for acquiring 
the electronic identifier of one or more trailers, of the 
25 plurality of trailers, located within the facility; 

a trailer-presence reporting subsystem, coupled to the 
one or more electronic identifier readers of the 
facility, for reporting to the remote system the pres- 
ence of the one or more trailers located within the 
3Q facility. 

2. The position tracking system of claim 1, wherein each 
trailer of a subset of the plurality of trailers contains a 
plurality of sensors, the plurality of sensors being in com- 
munication with the unique electronic identifier of each 

35 trailer, and wherein the unique electronic identifier of each 
trailer further contains status information obtained from a 
subset of the plurality of sensors. 

3. The position tracking system of claim 2, wherein, for 
each tractor in the plurality of tractors, the electronic iden- 

4f) tifier reader is also used for acquiring the status information 
of a trailer, of the subset of the plurality of trailers, coupled 
to the tractor, and further wherein the position-reporting 
subsystem is also used for reporting to the remote system the 
status information of the trailer coupled to the tractor. 
45 4. The position tracking system of claim 2, wherein the 
sensors include at least one sensor selected from the set of: 
door locks sensor; 
door open sensor; 
cargo present sensor; 
50 refrigerator temperature sensor; 
cargo type sensor; 
cargo weight sensor; and 
battery power sensor. 
55 5. The position tracking system of claim 1, wherein the 
remote system is configured to receive reports from the 
position-reporting subsystems of the plurality of tractors, 
and from the trailer-presence reporting subsystems of the 
plurality of fixed location facilities, and further including a 
60 database for storing information, associated with the 
received reports, regarding the plurality of mobile tractors 
and trailers. 

6. The position tracking system of claim 5, wherein the 
database farther indicates when a trailer couples to a tractor 
65 based upon the time at which the tractor reports to the 
remote system, through its position-reporting subsystem, the 
electronic identifier of the trailer coupled to the tractor. 
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7. The position tracking system of claim 6, wherein the 
database further indicates a location of the trailer when it 
couples to the tractor, as reported to the remote system by 
the position-reporting subsystem of the coupled tractor. 

8. The position tracking system of claim 5, wherein the 
database further indicates when a trailer leaves a facility, 
based upon the trailer being reported as present at the facility 
by the trailer-presence reporting subsystem of the facility, 
and based upon the trailer being recently coupled to a tractor, 
as reported by the tractor through its position-reporting 
subsystem. 

9. The position tracking system of claim 5, wherein each 
facility of the plurality of fixed- location facilities has one or 
more egress areas, and further wherein a subset of the one 
or more electronic identifier readers at each facility are 
located proximate to a subset of the one or more egress 
areas. 

10. The position tracking system of claim 9, wherein the 
database further indicates when a trailer leaves a facility 
based upon the trailer being recently coupled to a tractor, as 
reported by the tractor through its position-reporting 
subsystem, and based upon the trailer being reported as 
proximate to an egress area, as detected by the one or more 
electronic identifier readers and reported by the trailer- 
presence reporting subsystem of the facility. 

11. The position tracking system of claim 5, wherein the 25 
database further indicates when a trailer arrives at a facility, 
based upon the trailer being coupled to a tractor as reported 
by the position -reporting subsystem of the tractor, and based 
upon the trailer being reported as present at the facility by 
the trailer-presence reporting subsystem of the facility. 

12. The position tracking system of claim 5, wherein each 
facility of the plurality of fixed- location facilities has one or 
more ingress areas, and further wherein a subset of the one 
or more electronic identifier readers at each facility are 
located proximate to a subset of the one or more ingress 
areas. 

13. The position tracking system of claim 12, wherein the 
database further indicates when a trailer arrives at a facility 
based upon the trailer being coupled to a tractor, as reported 
by the tractor through its position -reporting subsystem, and 
based upon the trailer being reported as proximate to an 
ingress area, as detected by the one or more electronic 
identifier readers and reported by the trailer-presence report- 
ing subsystem of the facility. 

14. The position tracking system of claim 12, wherein at 
least one of the ingress areas is an ingress/egress area, and 
further wherein the one or more electronic identifier readers 
proximate to the ingress/egress area comprise at least two 
electronic identifier readers, one of the at least two electronic 
identifier readers being utilized to acquire the electronic 
identifiers of trailers leaving the facility, and another of the 
at least two electronic readers being utilized to acquire the 
electronic identifiers of trailers arriving at the facility. 

15. The position tracking system of claim 14, wherein the 
electronic identifier reader proximate to the ingress/egress 
area utilized to acquire the electronic identifiers of trailers 
leaving the facility is positioned to acquire electronic iden- 
tifiers in a different direction than the electronic identifier 
reader proximate to the ingress/egress area utilized to 
acquire the electronic identifiers of trailers arriving at the 
facility. 

16. The position tracking system of claim 5, wherein the 
database further indicates when a trailer decouples from a 
tractor based upon when the tractor reports to the remote 
system, through its position-reporting subsystem, that the 65 
tractor's electronic identifier reader is no longer acquiring 
the electronic identifier of the trailer. 
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17. The position tracking system of claim 1, further 
comprising: 

at the remote system: 

a position-receiving subsystem, coupled to the remote 
system, for receiving signals from the position- 
reporting subsystems of the plurality of tractors; 

a trailer-presence receiving subsystem, coupled to the 
remote system, for receiving signals from the trailer- 
presence reporting subsystems of the plurality of 
fixed-location facilities; 

a tractor-trailer position processor, coupled to the 
position-receiving subsystem and to the trailer- 
presence receiving subsystem, for processing the 
received signals from the position-reporting sub- 
systems of the plurality of tractors to determine the 
current positions of the plurality of tractors, and to 
determine the electronic identifiers of the trailers 
coupled to the plurality of tractors, and wherein the 
tractor-trailer position processor is also for process- 
ing the received signals from the trailer-presence 
reporting subsystems of the plurality of fixed- 
location facilities to determine the presence of one or 
more trailers located within the plurality of fixed- 
location facilities; and 
a database of mobile trailers indicating, for each trailer in 

a subset of the plurality of mobile trailers, at least one 

entry selected from the group consisting of: 

a current position of the trailer; 

the presence of the trailer in a facility; 

a coupled tractor; and 

a current position of the coupled tractor. 

18. The position tracking system of claim 5, wherein the 
database of the remote system further includes a log file 
containing at least one record selected from the group 
consisting of: 

A) a plurality of information records, indicating for each 
tractor of the plurality of tractors, historical position 
information for the tractor; 

B) a plurality of information records, indicating for each 
tractor of the plurality of tractors, a list of the electronic 
identifiers of trailers historically coupled to the tractor; 

C) a plurality of information records, indicating for each 
trailer of the plurality of trailers, historical position 
information for the trailer; 

D) a plurality of information records, indicating for each 
trailer of the plurality of trailers, a list of tractors to 
which the trailer has historically been coupled; and 

E) a plurality of information records, indicating for each 
facility of the plurality of fixed-location facilities, a list 
of one or more trailers historically reported as being 
present within the facility. 

19. The position tracking system of claim 18, wherein the 
tractor-trailer position processor determines, using the his- 
torical position information for a tractor, at least one of a 
velocity and a direction of travel for the tractor. 

20. The position tracking system of claim 1, further 
comprising, at each facility of the plurality of fixed-location 
facilities, one or more yard tractors, each yard tractor having 
an electronic identifier reader for acquiring the electronic 
identifier of a trailer, of the plurality of mobile trailers, 
attached to the yard tractor, each yard tractor further having 
a yard-operations reporting subsystem, coupled to its elec- 
tronic identifier reader, for reporting to the trailer-presence 
reporting subsystem the attachment of the trailer to the yard 
tractor for yard operations. 

21. The position tracking system of claim 1, wherein the 
electronic identifier readers of the plurality of tractors and of 
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the plurality of fixed-location facilities include a transmitter storing in the mobile tractor- trailer database at least one 

for querying the unique electronic identifier of each trailer of entry selected from the group consisting of: 

the plurality of mobile trailers. a representation of the electronic identifier of the first 

22. The position tracking system of claim 21, wherein the trailer- 
transmitter comprises a wireless transmitter, and wherein the 5 , ' f ■ | * . t . 

queryindicatesatransmissionleveUandftirtherwhereinthe » ideation that the first trailer is coupled to the 

unique electronic identifier of each trailer includes a wireless tractor; 

return transmitter for transmitting the electronic identifier of * position, affiliated with the first trailer, representing 

the trailer at the indicated transmission level when queried the current position of the tractor; 

by the wireless transmitter. 1Q a representation of the electronic identifier of the sec- 

23. The position tracking system of claim 22, wherein the 0 nd trailer; and 

transmission level of an electronic identifier reader of a ^ indication that the second trailer is present in the 

facility is higher than the transmission level of an electronic facility. 

rea il e r JS f a tra . c ! or - t . r , . , . . 27. The method of claim 26, further comprising storing in 

24- The position trad^ system of claim 1, wter^«ch tractor . trailer database an mdicaU on of when the 

trailer of a subset of the plurality of trailers is capable of 15 . 

carrying cargo, and further wherein a trailer-load of cargo first trailer cou P les to the based u P on th u e ^ at 

includes an electronic cargo identifier, and further wherein which the tractor reports to the remote system, through its 

the electronic identifier reader of a subset of the plurality of communication device, the electronic identifier of the first 

tractors includes an extension into the interior of a coupled trailer coupled to the tractor. 

trailer, through a wired tractor-trailer connection, for acquir- 20 28. The position tracking system of claim 27, further 

ing the electronic cargo identifier of a trailer-load of cargo, comprising storing in the mobile tractor-trailer database a 

and further wherein the position-reporting subsystem of the location of the first trailer when it couples to the tractor, as 

subset of tractors is also used for reporting the electronic reported by the communication device of the tractor to the 

cargo identifier of the trailer-load of cargo of a coupled remo t e svstem 

trailer to the remote system. „ _/ ' , c . . - t , . . . . 

25. n* position tracking system of claim 1, wherein the 29 ' ™f method of ? aim 26 > ^ comprising storing m 
unique electronic identifiers of the plurality of trailers com- the moblle tractor-trailer database an indication of when the 
prise RFID transponders, and the electronic identifier read- second trailer leaves the facility, based upon the second 
ers of the plurality of tractors and of the plurality of trailer being reported as present at the facility by the 
fixed-location facilities comprise RFID transceivers. 3Q communication device of the facility, and based upon the 

26. A method of maintaining a mobile tractor-trailer second trailer being recently coupled to a second tractor, as 
database for use in a position tracking system for a plurality reported by the second tractor through its communication 
of mobile tractors, mobile trailers, and fixed -location yards, device 

each trailer of the plurality of mobile trailers having an 30. The method of claim 26, further comprising storing in 

unique identifier, the unique identifier of each trailer being .„ , . ... . - „. „ 

identifiable by a tractor to which the trailer is coupled, the 35 the mobile ractor-trailer database an indication of when the 

unique identifier of each trailer also being identifiable by a second trailer amves at the faci ] n ^ based u P on the second 

fixed-location yard in which the trailer is located, each trailer bem S C0U P led t0 a tractor > as re P orted b y the 

tractor of the plurality of tractors having a navigation system second tractor through its communication device, and based 

for determining a current position of the tractor, the method "P°n the second trailer being reported as present at the 

comprising: 40 facility by the communication device of the facility, 

receiving, at a remote system, a report from a communi- 31. The method of claim 26, further comprising storing in 

cation device on a tractor indicating a current position the mobile tractor-trailer database an indication of when the 

of the tractor, and indicating an electronic identifier of first trailer decouples from the tractor based upon when the 

a first trailer coupled to the tractor; tractor reports to the remote system, through its communi- 

receiving, at the remote system, a report from a commu- 45 cation device, that the tractor's electronic identifier reader no 

nication device at a fixed-location facility indicating the longer is acquiring the electronic identifier of the first trailer, 
electronic identifier of a second trailer present in the 

facility; and ***** 
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